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COMPARATIVE PERFORMANCE OF THE NATIVE PUERTO 
RICAN FOWL, THE WHITE LEGHORN, THE NEW HAMP-. 
SHIRE, AND CROSSES BETWEEN THEM 


A. GONZALEZ CHAPEL ' 


INTRODUCTION 


The problem of Puerto Rico is mainly an increasing popula- 
tion without a corresponding increase in production. The po- 
pulation of the Island in 1940 was around 2,000,000 inhabitants 
The Island has an area of about 3,435 square miles and there 
were approximately 605 inhabitants per square mile of territory. 
During 1946 there was a rate of natural increase of 29.6 per 
1,000 population, which is one of the highest birth rates of any 
country in the world. Thus, the population in the Island is 
increasing at a rate of approximately 60,000 people every year. 

The people of the Island are largely dependent, directly or 
indirectly, upon importations from the United States for their 
foods from animal sources. The importations of livestock pro- 
ducts and livestock feeds were near $50,000,000 during the fiscal 
year 1947-48. The following table shows the yearly per capita 
supply in Puerto Rico in 1939-40 of the main foods containing 
animal protein as compared with an adequate diet at minimum 
cost as given by the Bureau of Home Economics of the United 
States Department of Agriculture (1933). In addition, the per 
cent of the supply that was imported during that year is also 
given. 


Amounts 
for one 


Annual 
| per capita Per Cen: 
imported 
| 


tu 
minimum 
cost 


Fresh milk 5A ow 0 2 ats. 
Meat, poultry and fish 53 Ibe. los 
Eggs 4doz. 13 15 doz. 


There are potentialities for considerable expansion of the 
livestock industry in the Island. 


1 Associate Animal Husbandman. 


| i 
persou in 

adequate 
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Poultry products are one of the chief foods in Puerto Rico. 
In 1935, the farm value of poultry products (meats and eggs) 
ranked sixth in importance among the various sources of in- 
come on farms in Puerto Rico. This value was distributed al- 
most equally between meat and eggs. There is reason to believe 
that no essential change in the situation has occurred. 

According to the census of 1940, the poultry population of 
the Island was 1,751,292. 

During the fiscal year 1945-46, shipment of poultry and 
poultry products from the United States amounted to $1,262,010. 
These shipments were distributed as follows: 


litem Amount Value 


Poultry, live Bil + $24), 612 
hirken 5, 453 Ths 5, 462 


foultry and game fresh, not canned 737, S51 Tbs 
ges, in the shell , 42 doz 


Fer albumen, frozen, dried or otherwise preserved 17, Ths 
frther egg products dried, froren or otherwise preserved 379, 583 Ibs 


$1, 362, 010 


Data on milk, not fresh, were not available 

During the fiscal year 1947-48 the value of these shipments 
was probably close to $3,000,000. 

If the productive capacity of the poultry were increased, 
Puerto Rico could not only be made more self-sufficient in re- 
gard to the present demands for poultry products, but also the 
nutrition of the people could be improved by increasing the con- 
sumption of the foods supplying animal proteins. The diets of 
Puerto Ricans are, as a rule, woefully lacking in such foods. 


THE PROBLEM 


The apparent obstacles to the expansion of the poultry in- 
dustry in Puerto Rico are the assumed poor productivity of the 
native breed, the high cost of the feed, the poor management 
practices, and parasites and diseases. 

The development of a well adapted breed with better pro- 
ductivity than the native would be a first step toward the de- 
velopment of the poultry industry and an important contribu- 
tion to the Island’s economy. 

The native fowl is the product of interbreeding different 
breeds and strains, without uniformity in feather color, light in 
weight, and supposedly with low productive capacity and much 
resistance to diseases. It has also been assumed that the native 


671, 189 

132, 334 
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fowl is adapted to the Island’s environment and to the living 
conditions of the small farmers. No systematic study has been 
made in the past of the bird’s productive capacity. 

The native birds, receiving very little care and attention 
from the farmers, constitute an almost free source of income in 
the small farms of the Island. It is logical to suppose, however, 
that during the many generations of their existence in Puerto 
Rico, natural selection and some unconscious human selection 
could have favored development of adaptability to the general 
conditions in Puerto Rico. 

A few flocks of imported breeds are kept by some farmers 
in the Island, but they are kept under conditions beyond the 
means of the average Puerto Rican farmer. Scant or no in- 
formation about the productivity of most of these flocks is avail- 
able. In the past it has been assumed that the imported breeds 
in Puerto Rico have laid well and developed to good size, but 
that they were very susceptible to disease and unadapted to the 
environment on farms. 

Rhoad (1941, p. 512) stated, 


Farm animals are kept for the most part in an environment 


that it is in many ways artificial, man created. Much of the suc- 
cess of the livestock industry depends upon our ability to furnish 
a favorable environment in which livestock can develop and pro- 
duce to the limit of their inherent capacities. To the extent that 
this cannot be done economically, it is necessary to select and 
modify breeds to fit the natural environment, of which climate 


is a major part. 


A study of the productive capacity of the native fowl in com- 
parison with that of standard breeds reared under similar con- 
ditions and studies of an exploratory nature on the possibilities 
of crosses between the native and standard breeds seem logically 
the first step to follow. 

Thus, the objectives of this study were to find out any prac- 
tical differences between the native fowl and the standard breeds 
in Puerto Rico in respect to their productive capacity; if dif- 
ferences were apparent, to determine which breeds were the 
best in the different characters considered; and to determine 
the performance of crosses of the native with the standard 
breeds. 

REVIEW OF LITERATURE 


The average temperature in Puerto Rico is somewhat lower 
and more uniform than in other places in the tropics located at 
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the same latitude. The mean annual temperature for the Is- 
land is around 76°, varying in different places according to the 
elevation and topography. 

In the tropics, unlike in temperate climates, the average 
monthly temperature is subject to small variation during the 
year, but marked differences in temperature occur within the 
day period. The highest temperature occurs generally around 
noon and the lowest in the early morning. 

The average minimum annual temperature for the Island 
is 66.9° and the average maximum annual temperature is 86°. 
At Aibonito, where the livestock production farm of the Agri- 
cultural Experiment Station is located, the lowest temperature 
recorded is 40° and the highest 92° (Harris, 1947). 

Records of rainfall in Puerto Rico (Thorp, 1941) indicate 
an average maximum annual precipitation of 136 inches and a 
minimum of 27 inches. Because of the high mean temperatures, 
the effectiveness of the rainfall is considerably less than it would 
be in cooler climates, and it is further reduced below that of 
many cooler regions because of the almost constant air move- 
ment. 

Humidity is nearly always high. In some parts of the Is- 
land it is over 75 per cent most of the time. 

The effect of climate and the external environment upon 
humans and animals have been studied extensively in the last 
few years. Lush (1945) pointed out that this interest arises 
mainly from tropical and subtropical regions for which none of 
the established breeds of animals seem well suited. 

Observations made on human beings tend to indicate a low- 
ered basal metabolism in the people of the tropics as stated by 
Mukherjee and Gupta (1931) and Sherman (1941).  Hein- 
becker (1928), on the other hand, found that the basal meta- 
bolic rate of 3 Eskimos was 33 per cent greater than standards 
for subjects in the temperate zone. Mason (1940) found that 
13 out of 21 English and American women who changed their 
residence from temperate to tropical climate showed a distinct 
fall of metabolic rate in the tropics, averaging approximately 
10 per cent. In a study of basal metabolism as affected by at- 
mospheric conditions McConnell (1925) concluded that the zone 
of minimum metabolic rate was between 75° and 83° effective 
vemperature. Roddis and Cooper (1926) found in 173 naval of- 
ficers in the tropics that blood pressure was reduced 10-15 mm. 
Hg. below textbook standards. 


| 
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On animals the literature is: more extensive and shows, as 
in human beings, the definite effect of the external environment 
upon their physiological responses. 

The resistance of animals to cold is much greater than that 
to heat, according to Brody (1940) who also concluded that the 
thermoneutrality zone varies with the season, and the temper- 
ature to which the animal is acclimatized, but the maximum 
temperature is about 85°F. 

Regan and Richardson (1938) found that increasing the 
room temperature caused an increase in respiration rate of dairy 
cattle, a decrease in pulse rate, and after 80°F. a rise in body 
temperature, anorexia and a decline in milk flow. Rhoad (1942) 
tested more than 150 cows, heifers and steers of the Iberia Live- 
stock Experiment Farm, in Jeanerette, Louisiana, for adapt- 
ability to tropical climatic conditions and claimed that as a re- 
sult the variously bred types of cattle in the Jeanerette herds 
can be classified from the most adaptable to the least adaptable 
type. The same author (1936) suggested that the loss of 
energy in dairy cattle as a result of high temperature is in a 
large way responsible for the low production records of Eu- 
ropean dairy cattle in the tropics. Forbes et al. (1926) found 
that the per cent of heat emission as latent heat of water vapor 
increased with an increase in temperature. Manresa and Orig 
(1941) implied that the ability to withstand external heat with- 
out significantly raising the temperature of the body might be 
used as a test for adaptability of different breeds of cattle to 
a given environment. Gaalaas (1947), in a study of Jersey 
cows, found that the heat-tolerance coefficient was a reasonably 
stable individual characteristic at ages of 4 years and above, 
but not at 2 or 3 years of age. Seath (1947) concluded that 
body temperature appears to be a safer measuring stick for 
heat-tolerance than does respiration rate. 

Lee and Robinson (1941) found that the sheep is outstand- 
ing among domestic animals in tolerating hot atmospheres, with- 
standing for 7 hours a temperature of 110°F. with 65 per cent 
humidity. Lee, Robinson and Hines (1941) concluded that the 
tolerance of the rabbit resembles that of the fowl and that sea- 
sonal variations were complex and important. Robinson and 
Lee (1941 a) found that the cat shows far less reaction to heat 
than the fowl, rabbit or pig. Temperatures of 105°F. cannot 
be tolerated if the humidity is above 65 per cent. The same 
authors (1941 b) found that the tolerance of the dog to hot 


| 
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atmospheres is slightly greater than that of the cat. The ef- 
fect of humidity was marked. They also found (1941 c) that 
the tolerance of the pig for hot atmospheres resembles that of 
the fowl] and the rabbit. Humidity was important at high tem- 
peratures but not at intermediate temperatures. Unlike the 
fowl! and the rabbit, the pig’s reactions to heat was noted to in- 
clude a definite rise in pulse rate. 

Marshal (1937) stated that Southdown ewes and red deer 
transported from the northern hemisphere to Australia, South 
Africa and the Argentine reverse their breeding season in 
about two years to conform with the conditions in the new 
habitat. New Zealand kinds introduced into England make the 
reverse adjustment in the same time. Similar adjustments are 
made by fallow deer, moose, wapiti and chamois introduced into 
New Zealand. Parakeets from Southern and Central Australia 
adjust themselves to English conditions, but those from North- 
ern Australia retain their original breeding season. 

Asmundson and Lloyd (1936) concluded that lower outside 
temperatures, particularly during the first few weeks, appeared 
to result in increased rate of growth of turkeys. Humidity did 
not apparently affected growth although continuous rain re- 
tarded growth. 

Yeates, Lee and Hines (1941) found that a rectal temper- 
ature of 113° F. is the highest the fowl] can reach before develop- 
ing heat stroke. White Leghorns can withstand heat better 
than Australorps. Barott and Pringle (1941), in a study of 
metabolic rate of the Rhode Island Red hen, for a temperature 
range of 50° to 95°F., found that a point of flexure occurs at 
78°F. They concluded that this is the temperature of minimum 
metabolism of the hen. The maximum metabolism occurred at 
61 F., at which temperature there was also a point of flexure. 
The rate of elimination of respiratory water was approximately 
constant between 65° and 75°F. The rate decreased consider- 
bly between 60° and 50°F. The rate at 90°F. was three times 
that at 80°F. This was due to the large amount of air inhaled 
and exhaled for cooling at the high temperature. It was found 
that hens at a given temperature would survive at the lower 
humidities but would die when the humidity was increased. 
Bennion and Warren (1933) found that extremely high or low 
temperatures were followed by a decline in production; birds 
were more sensitive to sudden temperature changes. They also 
stated that in comparing egg size of birds from different parts 
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of the United States, the temperature and its effects on egg size 
should be taken into consideration. They found that the mean 
weekly egg weight when compared with the mean maximum 
weekly temperature showed a sharp decline when the temper- 
ature was above 85°F. The mean daily egg size of birds placed 
under controlled temperature was reduced from 15 to 20 per 
cent by application of high temperatures. The egg size de- 
clined much more rapidly under high temperature than it in- 
creased when the temperature was lowered. All components of 
the egg decreased under high temperature. The shell and al- 
bumen decreased considerably more than the yolk in proportion 
to their weight, which indicates that the oviduct is more sensi- 
tive than the ovary to high temperatures. Warren (1939) se- 
cured data on egg size from ii localities in latitudes extending 
from the Equator to as far north as Scotland and concluded 
that excessively low temperatures seemed to have no effect on 
egg size, but after the daily maximum temperatures exceeded 
70°F. for a period of a few days, egg size fluctuations usually 
showed a close correlation with those of temperature. Lorenz 
and Almquist (1936) found evidence of a decrease in egg weight 
proportional to the increase in temperature between 40° and 
90°. Burrows and Byerly (1938) found that temperatures 
above 90°F. was one of the factors that increased broodiness. 
Hays and Sanborn (1939) found that fertility in Rhode Island 
Red females varied with the temperature. As the temperature 
rose from, on the average, about 16°F. to 46°F. the fertility in- 
creased. However, Lamoreux (1943) found in White Leghorns 
no relationship between outside mean temperature and the pro- 
portions of eggs laid that were infertile. Mean weekly temper- 
atures ranged from 22.9°F. to 50.1°F. In both of these studies 
the highest temperature tested was 50.1°F. Kempster (1938), 
at Missouri, found that high maximum temperature that pre- 
vails during the summer retards the growth of pullets. 

Warren (1930) found that disturbances that are sufficient 
to cause a decrease in the daily production of a group of White 
Leghorn pullets affect the rhythm of egg production. Bisson- 
nette (1933) pointed out that in other birds sexual cycles are 
directly modifiable by changes in the daily exposure to light. 
French (1940) found that there appeared to be some relation- 
ship between hours of sunlight and egg production but the re- 
lationship to temperature was not so definite. |Resananda, 


972 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


(1924) in a study of the best season for hatching eggs in the 
Philippines using eggs from several imported and Asiatic na- 
tive breeds concluded that humidity and wind velocity had lit- 
tle effect. Wetham (1933) stated that the natural variation 
in daily light period at different latitudes has been used to study 
the effect of light on egg production throughout the world. 
There was a decided apparent correlation between egg produc- 
tion and the hours of daylight but the egg production curve pre- 
cedes that of the light. It appeared that, where the hours of 
daylight are distributed more evenly throughout the year, the 
egg production is more evenly distributed throughout the vear. 
Mann (1941) reported that the wet season in Malaya causes 
a decreased fecundity in Rhode Island Reds, increases incidence 
of the molt, and increases mortality. Hutt (1938) reported 
that during six days of heat at Ithaca, New York, when maxi- 
mum temperatures reached 101, 103, and 102°F. on three suc- 
cessive days, the deaths from heat prostration were 1.79 per 
cent in White Leghorns, 5.26 per cent in Rhode Island Reds, 
and 5.16 per cent in Barred Rocks. He concluded that the gen- 
etic constitution of the White Leghorn appears to give that 
breed more control over its thermo-regulatory processes than is 
available to the other breeds compared with it. 

The evidence on effect of high temperature and especially 
high humidity as reported in humans, cattle, other animals and 
poultry indicates that the physiological response of animals and 
poultry to tropical and subtropical climates is different to that 
of temperate and cold climates. 

It is probable that different standard breeds of poultry may 
react differently in adaptability to the climate and general en- 
vironment of Puerto Rico. Many workers have found definite 
differences between breeds in response to certain stimuli under 
certain specific conditions. Taylor and Martin (1928) con- 
cluded that their Barred Rocks strain laid eggs with a signifi- 
cantly lower per cent of shell than a strain of White Leghorns. 
Morvan (1932) found that the Barred Plymouth Rock eggs re- 
quire less weight to crush the shells than the White Leghorns. 
Hyre and Hall (1932) stated that hatching power seems to be 
more constant in the Single Comb White Leghorns studied than 
in the heavy breeds. Harris and Boughton (1928) found that 
the Rhode Island Red breed shows a somewhat higher death rate 
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than the White Leghorn breed although that conclusion was 
questioned by Dudley, (1928). Lambert (1935) stated that 
heritable differences in resistance to infectious diseases exist and 
that non-infectious diseases are largely, in most cases, a gen- 
etic problem. Longevity and strong constitution were consi- 
dered as inborn traits of certain families and strains. Roberts 
and Card (1926) concluded that it may be possible to establish 
a strain of fow!s that would be highly resistant to infection with 
S. pullora.  Serfontine and Payne, cited by Jull (1946), ob- 
served that White Leghorns were more resistant than heavier 
breeds to Perosis or slipped tendons. Pappenheimer, Dunn and 
Cone, cited by Jul} (1946), stated that their observations indi- 
cated a very significant breed or variety difference in suscepti- 
bility to paralysis. Lamoreux and Hutt (1939) found that 
ability of White Leghorn chicks to survive on a diet deficient, 
or lacking, in vitamin B, was greater than that of the Rhode 
Island Reds. Hutt (1935) demonstrated a breed difference be- 
tween White Leghorns and Rhode Island Reds in the rate at 
which body temperature rises during the first. nine days after 
hatching. 

Crossing breeds for the purpose of developing better breeds 
for tropical climates is being done with cattle and other animals 
in different parts of the world. Bray (1932) found that a 
Brahman cross on native and grade beef cattle in southern Loui- 
siana was valuable because it withstands heat and is less af- 
fected by flies, mosquitoes and external and internal parasites. 
Also this cross was observed to make good gains on grass alone. 
Rhoad (1938), in a study of the response of pure-bred Bos tau- 
rus and Bos indicus cattle and their crossbred types to certain 
conditions of the environment, found that high atmospheric tem- 
peratures and humidity influence, in unlike manner, the respira- 
tion rate and body temperature of typical Bos taurus and Bos 
indicus cattle. The same author (1940) determined that the 
purebred and three-quarter bred Aberdeen Angus are not phy- 
siologically adapted to the high temperature and intense solar 
radiations characteristic of tropical climates. On the other 
hand, he stated that the efficiency with which the purebred and 
half-bred Brahman regulates body temperature in the same en- 
vironment is evidence that tropical climatic conditions are within 
the range of neutrality for these cattle. This indicates, there- 
fore, that these cattle are physiologically adapted to a tropical 
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environment. According to Rhoad, the differences in the phy- 
siological responses of these cattle to tropical climatic conditions 
are genetic in origin. Rhoad (1935, p. 214) stated: 


The general conclusion reached in all parts of the tropical world, 
however, is that the permanent solution of the farm dairy prob- 
lem is not devising new ways of managing the old established 
breeds, but rather the development of new breeds using the na- 
tive type as foundation stock. 


The same author (1941, p. 512) stated that there are dis- 
tinct differences between species and breeds in their ability to 
withstand climatic conditions. He said, 

It has been clearly demonstrated in recent years, that the lack 
of adaptability of certain types of animals to tropical climatic 


conditions, as evidenced by discomfort, low production, and fre- 
quently degeneration in type, can best be overcome by breeding. 


Crossbreeding of Brahman with standard beef breeds for 
resistance to subtropical climatic conditions has been, accord- 
ing to Rhoad, a general practice in the Gulf-coast region for more 
than a generation. From one of these crosses, the Shorthorn x 


Brahman, there has evolved the first strictly American breed of 
beef cattle, the Santa Gertrudis, developed by the Klebergs of 
the King Ranch, Kingsville, Texas. Improved dairy types of 
cattle adaptable to tropical and subtropical climatic conditions 
are being developed in India with pure Brahman (Zebu) stock, 
while in Brazil, Jamaica, and the Philippines new Brahman- 
European crossbred types are appearing. In the Philippines a 
new breed of swine, the Berkjala, a cross between the Berkshire 
and the native Jalajala, is being developed as a lard type hog 
adapted to tropical climatic conditions. At the Agricultural Ex- 
periment Station of the University of Puerto Rico breeding pro- 
jects are now in progress for the development of better adapted 
breeds of cattle, swine, goats, and poultry. 

Results obtained in crossing poultry breeds have been re- 
ported by some workers in the United States. 

From crosses between Single Comb White Leghorns and 
Jersey Black Giants Warren (1926, 1927) found that the F, 
crossbreds hatch better, grow faster and lay better than do the 
parental breeds. They also showed a lower mortality. The vi- 
ability of the crossbred chicks to three weeks of age was su- 
perior to that of the White Leghorn and Jersey Black Giant 
purebred chicks. The adult size of the crossbreds was inter- 
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mediate between that of the two breeds crossed. Byerly, Knox 
and Jull (1934) stated that crossing breeds is likely to increase 
hatchability by decreasing mortality during the third week of 
incubation. Knox, cited by Jull (1946), observed that crossbred 
progeny obtained from several different crosses, on the average, 
had 13.3 per cent better viability than purebred progeny, viabil- 
ity being measured from hatching time to the end of the first 
laying year. Jull (1946, p. 227) summarized the effect of cros- 
sing breeds on body size as follows: 

In practically all cases in which there was not an extreme dif- 
ference in size between the parental breeds that were used in the 
original cross, the size of the F, progeny was about midway be- 
tween the parental breeds or slightly nearer the larger breed. 
In those cases in which there were extreme differences in size be- 
tween the parental breeds crossed, as in the case of the Barred 
Plymouth Rock x Rose-Comb Bantam matings made by Jull and 
Quinn (1931) and the light Brahma x Golden Sebright Bantam 
matings made by Maw (1935), the size of the F, progeny was 
slightly nearer the smaller sized breed. 


In summary, the literature cited indicates that the high tem- 
peratures of tropical and subtropical regions lower the pro- 
ductivity of non-adapted animals including poultry, by reduction 
of the metabolic rate, and by other unknown causes. High 
humidity may aggravate the detrimental effect of high temper- 
ature on productivity. In poultry, egg size, broodiness, fertil- 
ity, growth, hatchability, and egg production may be influenced. 
The literature cited also indicates that it is possible to find a dif- 
ferential response of the different breeds of poultry to the tro- 
pical environment. Crossing standard breeds with native stocks 
appear to be a definite possibility for obtaining adaptability to- 
gether with relatively high productivity. 


METHODS OF PROCEDURE 


This study includes data collected from July, 1946 to June, 
1948. The standard breeds were the New Hampshire and the 
Single Comb White Leghorn, that is, a representative each of the 
: dual purpose and light egg types. These birds came from stock 
originally imported from the United States in 1940. Since that 
time they have been bred without any special selection. 

The Native flock was obtained through purchases of birds 
throughout different parts of the Island in an attempt to make 
it a representative sample of the Island’s stock. 
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Crossing the White Leghorn and the New Hampshire with 
the Native was started in 1945 but the numbers have been small 
up to 1947. Even then all crosses of White Leghorn x Native 
were combined and treated collectively. The same was done 
with all crosses of New Hampshire x Native. 


The eggs from the three principal breeds and from the cros- 
ees between them were all hatched in the same incubator; the 
same feed was given all the birds, and they were reared in the 
same brooder house. The laying hens were confined to wire 
floor pens, 20" x 10’, exactly alike and close together in an area 
of less than one acre. The same men took care of all the breeds. 

In 1946 the hatching season extended from February 6 to 
June 6 for a period of four months. Chicks were hatched every 
week during that time but for statistical analysis they were div- 
ided, according to the date hatched, into six groups of three 
consecutive hatches per group. In 1947 the hatching season ex- 
tended for a period of two months, from February 6 to April 4. 
Birds were again grouped according to date of hatch into 
groups, With three consecutive hatches per group. In 1947 
there were only three groups. 

A considerable amount of data was recorded on these birds 
but this study will be concerned only with egg production, sexual 
maturity, egg weight, body weight up to four months of age, 
and mortality. Except for mortality, the data in 1946 included 
67 White Leghorn birds, 98 New Hampshire, and 39 Natives. 
In 1947, there were 68 White Leghorns, 165 New Hampshires, 
33 Native, 69 White Legborn x Native, and 55 New Hampshire 
x Native. Chick mortality was recorded in 1946 on 145 New 
Hampshire chicks, 185 White Leghorns, and 121 Natives. For 
1947 there were 616 New Hampshire chicks, 220 White Leg- 
horns, 288 Natives, 493 White Lebhorn x Natives, and 665 New 
Hampshire x Natives. Laying flock mortality was recorded in 
1916 on 137 New Hampshire hens, 91 White Leghorns, and 58 
Natives. For 1947 there were 219 New Hampshires, 64 White 
Leghorns, 44 Natives, 122 White Leghorn x Natives, and 111 
New Hampshires x Natives. 

Egg production was measured on the basis of the number 
of eggs laid for the first 120 days of laying. Harris (1922), 
Thompson (1933), and many other workers, have shown that 
rate of production is a good criterion of total first year pro- 
duction. 
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Sexual maturity was measured as the age in days of the 
bird at first egg. 

Egg weight per individual hen was measured in ounces per 
dozen eggs equivalent for the first 120 days of laying. Jull and 
Godfrey (1933), and other workers, have demonstrated the re- 
liability of short periods egg weight records for estimating 
mean annual egg weight. 

Body weight was taken in pounds at the end of the first, 
second, third, and fourth month of age. Funk, Knandel, and 
Callenbach (1930) found that initial chick weights and sub- 
sequent weights showed little correlation but that weights at 
4, 8, 16, and 24 weeks show a high positive correlation with 

_each other. 

Chick mortality was measured as the percentage of chicks 
dead from hatching to one month of age. Dunn (1922) meas- 
ured chick mortality to three weeks after hatching and stated 
that it seems probable that early chick mortality is the result 
of general constitutional weakness. 


Laying flock mortality was recorded from the start of lay- 


ing until each bird completed one year of production. Pearl 
(1923) stated that the individual which is structurally and func- 
tionally of superior constitution will, in the long run, exhibit 
a relatively high degree of longevity. 

The method of fitting constants as given in Snedecor’s text 
(1946) was used for analysis of variance of egg production, 
sexual maturity, egg weight and body weight. The t tests were 
carried out as given by Goulden (1939). The method of Pat- 
terson (1946) was also tried for the evaluation of interactions. 
Differences in mortality were tested through Chi-square analysis. 

In all tables one asterisk (*) and two asterisks (**) repres- 
ent statistical significance at the P ~ .05 and P < .01 levels 
of probability, respectively. 


EXPERIMENTAL RESULTS 
Comparison of White Leghorn, New Hampshire, and Native Birds 


Egg production 

In table 1 the average production of the three breeds for 
the first 120 days of laying during 1946 and 1947 is presented. 
The analysis of variance of these data is also given in this 
table. 


3 
a 
| 
| 
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The average egg production of the imported breeds is shown 
to be very similar with 45.5 eggs for the Leghorns and 47.6 
eggs for the New Hampshires. However, the production of the 
Natives was only 26.4 eggs which is significantly lower than 
that of the other two breeds. This difference is shown for 
each of the two years. 

In 1946 differences between hatches were significant. Birds 
hatched from February 6 to March 14 were the poorest layers 
and those hatched from March 21 to April 25 were the best 
layers. Interaction was, however, negligible, indicating that 
the date of hatch affected the production of the different 
breeds proportionally. The shortening of the hatching season 
during 1947, from four to two months, was effective in eliminat- 
ing any important difference due to hatch. In tables 2 and 3 
the effect of date of hatch on production during 1946 and 1947, 
respectively, is shown. The analyses of variance of these data 
are also given in the tables. 

No.1} 
MEAN EGG PRODUCTION OF WHITE LEGHORNS, NEW HAMPSHIRES, 


ANT) NATIVES DURING 194 AND 1947 


Mean Eaa Propreriox 


Combined 
Years 

White Leeheorn 45.7 13. 
Native 13 21.2 72 ma 
Unweigt 41.3 8 

ANALYSIS OF VARIANCE 

Sums of Mean 

at Squares Square 
Y ews 176. 51 176. 51 

Hreects 2 13, 022 

Yeats avd Hreeds 2 i, 42 751. 71 
Indiv duals 195. 88 wo 41 
T 


Figures in parenthesis are number of birds 


i 
| 
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No. 2 


MEAN EGG PRODUCTION BY HATCHES OF WHITE LEGHORNS 
NEW HAMPSHIRES, AND NATIVES DURING 196 


Mean Propvction 


White New 
Leghorn Hampshire Native 


36. 6 


Average 


ANALYSIS OF VARIANCE 


Sums of Mean 
Squares | Square 


Breeds 18 4, 304. 59°° 
Hatches 8,164.79 | 1, 432. 
Interaction 5, S86. 05 558. 61 
Individuals 62, 200.80 | 334. 46 


b==18, 30 


Figures in parenthesis are number of birds, 


Tasie No. 3 
MEAN EGG PRODUCTION BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRKES, AND NATIVES DURING 1947 
MEAN EGG PRopUcTION 


W hite New 
Leghorn Hampshire | Native 


Average 


ANALYSIS OF VARIANCE 


Sums of 
Squares 


Breeds 17, 00. 
Hatches 2 1, 150. 45 


late action 1, 352. 52 
Individuals 102, 731. 9 


' Figures in parenthesis ate number of birds. 


1 14)! 13) 23.9 | 5) 23.2 
2 (7) (86) #.4 | (3) 27.0 
3 14) 38.2 21) 49.8 | &) 0.8 
4 19) 55.1 (32 (13) SES 
5 (7) 46.0 6) 40.7 |} (4) 27.5 i 
6) %.7 | (10) 533 | 6) 
67) 45.4 (98) 47.5 | (39) 30.9 
é 
| 
43.6 | (34) | (10) 17.5 
2 25 43.0 49 12.3 13) 25.7 
3 $2} 48.7 10) 19.0 
— 6s 45.7 165) 47.8 33) 21.2 a 
od 
| Square 
| 6, 084. 779° 
575. 22 
338. 13 
390.74 
| b= 19. 99 
x 
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Sexual maturity 

In table 4 the average sexual maturity (age in days at first 
egg) of the three breeds during 1946 and 1947 is presented to- 
gether with the analysis of variance. 

The variation in the sexual maturity of the Native birds was 
considerable from 1946 to 1947. They were as late maturing 
as the New Hampshires in 1946 and as early as the White Leg- 
horns in 1947. The White Leghorns had earlier sexual matur- 
ity than the New Hampshires in both years. 

The standard deviation in sexual maturity during 1946 were 
13, 38, and 44 days, respectively, for the White Leghorns, New 
Hampshires, and Natives. In 1947 it was 23, 41, and 52 days, 
respectively. There was less variation within the Leghorn birds 
than within the other breeds in respect to this trait. The wide 
variation within the New Hampshires and the Natives may ac- 
count in part for the fairly large variance obtained from the 
residual individuals. 

The date of hatch affected the sexual maturity of the birds 
of the different breeds differently during 1946. Earlier hatched 
birds of the White Leghorn and New Hampshire breeds, hatched 
during February 6 to February 21, had the earliest sexual ma- 
turity. The latest maturing birds of the New Hampshire breed 
were those hatched from May 2 to June 6 and of the White 
Leghorn, those hatched from May 23 to June 6. The earliest 
maturing Native pullets were those hatched from May 23 to 
June 6 and from February 6 to February 21. The latest ma- 
turing were those hatched from March 21 to April 4. Table 5 
shows the effect of date of hatch on sexual maturity during 1946. 

The shortening of the hatching season in 1947 was effective 
in eliminating the differences due to interaction of breeds x 
hatches. However, the tendency of the birds of all breeds was 
to mature earlier when hatched earlier. In table 6 the effect of 
date of hatch on sexual maturity during 1947 is shown together 
with the analysis of variance. 


Egg weight 
The average egg weight of the three breeds and the corre- 
sponding analysis of variance is given in table 7. 


| 
| 
i 
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TABLE No. 4 
AGE AT FIRST. EGG OF WHITE LEGHORNS, NEW HAMPSHIRES, AND NATIVES 


Age at Frast (days) 


Breep 
j Combined 
Years 


White Leghorns | (68) 192 | (135) 
New Hampshi es { 2 (165) 225 (263) 
Natives d (33) 195 (72) 


Unweighte 1 mean 


ANALYSIS OF VARIANCE 


Sums of | Mean 
| Square 


Yeas 393 30%. 41 
B eeds q vy, 49, 646. 
Yea s x B eeds 20,638.53 | 14,819. 27°° 
Indiviiuals 218.40 | 1, 366. 85 
38. 97 


Figures in parenthesis ae number of birds. 


No. 


AGE AT FIRST EGG BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES DURING 1/916 


AGE at Finst Eao (days) 


New 
Hampshire 


Native 


ANALYSIS OF VARIANCE 
Sums of 
Squa’es 


Breeds ; 50, 433. 01 20, 716. 51°° 
Hatches 23, 747. 76 
Inte action A, 344. 
Individuals ‘ i 173, 874.14 


i 


Figures in parenthesis are number of birds. 


223 
216 
i | 
1 | (ay 175 | (13) 187 = au 
2 (7) 197 (16) 217 |; (3) 222 | 
a (14) 210 (8) 265 
a 185 (32) 224 (13) 242 
(7) 190 6) 26 
6 (6) 213 (10) a5 (6) 202 i 
Average | (67) 187 (98) 200 | (39) 24 
Aean 
aff 
b= 30. 87 
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Taste No. 6 
AGE AT FIRST EGG BY HATCHES OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES DUCRING 


AGe at Fiest 


White New 
Leghorn Hampshi‘e 


ANALYSIS OF VARIANCE 


Sums of Mean 
squa e 


140. 27, 574, 
11, 300 47 5, 
1, 472. 76 Wa lo 


bey, 374. 1, 515, OF 


is 


Figures in pafenthbesis are number of birds 

Egg size was smaller for all the breeds during 1947 than 
during 1946. As a breed the New Hampshires had the largest 
eyus while the White Leghorn eggs were larger than the Native 
egys. 

There were significant differences between the hatches in 
both years but all breeds were affected proportionally by the 
date of hatch. During 1946 egg weight fluctuated up and down 
throughout the hatching season. During 1947 the tendency of 
the birds of all breeds was to have larger egg weight when 
hatched latest. This may be explained by the fact that late 
hatched birds in 1947 matured later and thus were older when 
they started laying. 

The effect of date of hatch on egg weight during 1946 and 
1947 is shown in tables 8 and 9 respectively. 

The correlation between sexual maturity and egg weight can 
be observed easily by comparing table 8 with table 5. The earlier 
maturing birds of the White Leghorn breed were found in 
-roups 1 and 4 where the smallest egg weights were observed. 
The latest maturing birds of the same breed belonged to group 
6 where the heaviest eggs were found. Groups 2, 3 and 5 were 
intermediate in maturity and egg size. The correlation coeffi- 
cient was 413, with 65 degrees of freedom. 


Hatcn 
32 v2 20 10 212 
Average iv2 165 22% 
wets 2 
3 Hatches 2 
Inte setion ‘4 
j 
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The earliest maturing New Hampshires were in groups 1 
and 3. The same birds laid the smallest eggs. For the same 
breed groups 2, 4 and 6, and 5 in table 5 closely correspond 
to the same groups in table 8. The correlation coefficient was 
437, with 96 degrees of freedom. 

The earliest maturing Natives and their smallest egg weights 
belonged to groups 1 and 6. The latest maturing birds were in 
groups 3, 4, and 5 where the heaviest eggs were found. Group 
2, intermediate in maturity, was also intermediate in egg weight. 
The correlation coefficient was .496, with 37 degrees of freedom. 


TABLE No.7 
EGG WEIGHT OF WHITE LEGHORNS, NEW HAMPSHIRES, AND NATIVES 


MEAN Weiaur (ounces per dozen) 


BREED 
Combined 
1947 Yeas 


White Leghorn 19.3 (138) 
New Hampshire 20.9 
Native 149 


ANALYSIS OF VARIANCE 


Sums of | Mean 
d/f Squares Square 


Yea's 44 24. 42°° 
B eeds 5 | 375. 22°° 
Yeas x B eeds 
Individuals | 2. 
44 


' Figures in patenthesis ate number of bids. 


TABLE No. 8 


EGG WEIGHT BY HATCHES OF WHITE LEGHORNS, NEW HAMPSHIRES, 
AND NATIVES DURING 1046 


MEAN EaG (ounces per dozen) 


Harcu 
W hite New 
Legho n Hampshives Native 


2.3 
21.0 
m5 
21.5 
22.4 
21.4 


21.1 


4 

i 


19.6 
2.9 
174 
i 
19.7 13) 169 
2 7 20.2 16) (3) 17.7 
i4 20.0 21 (s) int 
‘ 19 19.7 32 13) 14.2 
5 7 18.7 
6 210 10 (6) 17.2 
Average 67 2.0 (GS) (3%) 17.9 
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ANALYSIS OF VARIANCE 


Sums of Mean 
Squa Squa e 


314 157. 49°° 
$1. 25 10, 25°° 
* ection 55 


lividuals 1 


18 


Figures in parenthesis are of birds 


Tasie No. 
£OG WEIGHT BY HATCHES OF WHITE LEG IORNS, NEW HAMPSHIRES, 
AND NATIVES DURING 1047 
Eoo Weiaut ‘ounces d 
Haren 


New 
Hampshi e 


Sums of 
Squales 


iv 42 
Vas 


Figures in parenthesis are number of birds 

The correlation between sexual maturity and egg size can 
also be observed in the data for 1947 by comparing table 9 
with table 6. The earliest maturing birds of all the breeds laid 
the smallest egys. 

This correlation between maturity and egg weight is prob- 
ably due to larger body size of the late maturing birds at the 
time of first egg. Although no data are available to substan- 
tiate this statement it seems to be warranted by results obtained 
by other workers (Jull, 1946). 


Body weight 
In table 10 the average body weight of the three breeds dur- 
inw 1947 for the first four months of age is presented. 


oe 
H 
in 
lu 
2 Whit 
White 
} Legho n Native 
2 25 1% 2 25 13 16.5 
12 19 5 v2 21.1 10 17.7 
Ave iv 3 165 33 14.9 
ANALYSIS OF VARIANCE 
| 
af Square 
reeds 2 213. 41°° 
Hatches 2 
Inte action ‘ 117 
iduals 237 2.21 
tou. 
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TaBLe No, 10 


BODY WEIGHT AND THE STANDARD DEVIATION OF WEIGHTS OF WHITE 
LEGHORNS, NEW HAMSHIRES, AND NATIVES FOR 1947 AT 
FOUR DIFFERENT AGES 


AGE IN MontHs 


White Leghorns 56 
New Hampshires ; 165) 87 | 
Natives 45 


There were no significant differences in weight between the 
White Leghorn and the New Hampshire birds at the end of 
the first and second month of age. However, at the end of the 
third and fourth month of age the New Hampshires weighed 
.18 and .19 pounds more, respectively, than the White Leghorns. 
The t value obtained was 3.31 for the third month and 3.29 for 
the fourth month. The probability in both cases was less than 
.01 for 231 degrees of freedom. Both standard breeds were 
heavier than the Natives at the end of each of the four months. 
The White Lebhorns weighed .11, .29, .67, and .86 pounds more 
than the Natives at each of the four months. With 99 degrees 
of freedom the probability was less than .01 in all cases. The 
t values obtained were 6.43 for the first month and 7.72, 11.45, 
and 12.91 for the other three successive months. The New 
Hampshires weighed .12, .34, .85, and 1.05 pounds more than 
the Natives at each of the four successive months. With 196 
degrees of freedom the probability was also less than .01 in all 
cases. The t values were 10.50 for the first month and 9.09, 
11.91, and 13.39 for the following three successive months. 

The variation in weight within the breeds increased con- 
stantly from the first to the fourth month of age. The widest 
variation was found within the New Hampshire at the end of 
the third and fourth month of age. The Natives varied less 
than the other breeds at the same ages. 

The variation in weight within the breeds increased con- 
stantly from the first to the fourth month of age. The widest 
hatched birds of the White Leghorn and New Hampshire breeds 
had a tendency to weigh less than those hatched later whereas 
earlier hatched birds of the Native breed had a tendency to 
weigh more than those hatched later. The effect of date of 
hatch on body weight, however, disappeared after the first month 
of age. 


| One 8 Two 8 | Three 8 Four 5 
| (ibe.) | (Ibs). (Ibs.) | (Ibs. 
09 1.40 19 231 3.02 
1.45 | 24 3. 21 43 
Ln | | 26 27 
| 
| 
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In table 11 the effect of the date of hatch on the body weight 
of the different breeds at the end of the first month of age is 
presented. The analysis of variance of these data is also shown 
in the table. 

No, il 
EFFECT OF DATE OF HATCH ON THE BODY WEIGHT OF WHITE LE }HORNS- 
NEW HAMPSHIRES, AND NATIVES AT THE END OF THE FIRST MONTH OF AGE 
is PouNps 
Haren 


White New 
Leghorn Hampshire 


“ 
92 


ANALYSIS OF VARIANCE 


Sums of Mean 
Squa es 


Hatches 
Intel ection ons} 
Individuals 257 1. 1005 


Figutes in parenthesis are number of birds 


Chick mortality 
Table 12 shows the chick mortality of the three breeds for 
1946 and 1947. 


Paste No. 12 


MORTALITY TO ONE MONTH OF AGE OF WHITE LEGHORNS, 
NEW HAMPSHIRES, AND NATIVES 


BREED 


New Un 
White Hamp Native weighted 
Leghorn shire Mea 


Number hatched 
No. alive at | mont! 
ber cent alive 


Number hatched 
alive at | 


Per cent alive 


hatchet 
> alive at | mor 
ment alive § 67 46 


The New Hampshire chicks had 7.91 per cent better viabil- 
ity during 1947 than during 1946. A chi-square of 7.68 was 
obtained, which was highly significant, the probability being 


2 25 Mi 57 13 45 
58 58 10 43 
i 
é 
135 145 121 
11s 122 108 
iw? 616 
00 #2. 05 10 95, OS 
Com 
itzest 
years 
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less than .01 for one degree of freedom. However, there were 
no significant differences between years in respect to the White 
Leghorn and Native breeds. Also breed differences were not 
significant in either year. 


Laying flock mortality 
Table 13 gives the laying flock mortality of the three breeds 
for 1946 and 1947. 


TABLE No. 13 


LAYING FLOCK MORTALITY OF WHITE LEGHORNS, NEW 
HAMPSHIRES, AND NATIVES 


White | New Un- 
Lernorn | Hamp- Native weighted 
| mean 


Number of birds 

Per cent survivals 

Per cent with pullorum 
Per cent dead 


Number of birds 

Per cent survivals 

Per cent with pullorum 
Per cent dead 


The New Hampshire birds had 17.14 per cent better viabil- 


ity than the White Leghorns and 25.81 per cent better viability 
than the Natives during 1947. A chi-square of 16.04 was ob- 
tained, which was highly significant, the probability being less 
than .01 for two degrees of freedom. There were no significant 
differences between the White Leghorns and the Natives dur- 
ing the same year. 

If birds culled because of pullorum in 1946 are not included 
among the dead, the laying flock mortality was 23.64 per cent 
lower in the New Hampshires than in the White Leghorns. 
With a chi-square of 6.45 this difference was significant, the 
probability being less than .02 for one degree of freedom. How- 
ever, there were no significant differences between the New 
Hampshires or the Leghorns and the Natives. If birds culled be- 
cause of pullorum in 1946 are included among the dead there 
were no significant differences between the breeds in mortality 
during that year. 

The New Hampshires had 43.77 per cent better viability in 
1947 than in 1946. A chi-square of 66.2 was obtained, with a 
probability of less than .01 for one degree of freedom. 

There were no significant differences in laying flock mortal- 
ity of the Natives between the years. 


a 
| i 
} 
21. 98 | 34.31 | 21 30.83 
48. 35 | 48.17 37.0 44.82 
29.67 17. 52 25. 86 | 24. 35 4 
1947, 219 “4 
78. 08 62. 27 63. 76 : 
4.605 0.91 6.82 
44. 37 | 21.01 40.91 32.10 ; 
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Comparison of Crosses 


Table 14 summarizes the average egg production, sexual ma- 
turity, egg weight, and body weight of the crossbreds and the 
parental breeds. The data on the chick and laying flock mor- 
tality is shown in table 15. 


Wh te Leghorn x Native vs. White Leghorn and Native 

The White Leghorns laid an average of 12.0 eggs more than 
the White Leghorns x Natives during the period studied (Table 
14). At value of 3.48 was obtained with 135 degrees of free- 
com, the probability being less than .01. The White Leghorn x 
Nat.ves laid an average of 12.5 eggs more than the Natives. 
With a t value of 3.38 and 100 degrees of freedom the probabil- 
ity was less than .01. The Native birds were more uniform 
than the other breeds in egg production. The variation within 
the crossbreds was intermediate between that found in the Leg- 
horns and the Natives. The standard deviation in production 
was 21.89, 18.43, and 15.42 eggs respectiveiy for the Leghorns, 


i White Leghorn x Natives, and Natives. 

: There were no significant differences in the sexual maturity 
i of the three breeds (Table 14). However, the variation within 
‘ the Natives and the crossbreds was much higher than that found 
i within the Leghorns. The standard deviation in sexual ma- 
‘ turity was 22.9, 44.84, and 52.07 days for the Leghorns, Cross- 
 breds, and Natives, respectively. 

: Paste No. 


EGG PRODUCTION, SEXUAL MATURITY, EGG WEIGHT, AND BODY WEIGHT OF 
WHITE LEGHORNS, NEW HAMPSHIRES, NATIVES AND 
CROSSES BETWEEN THEM 


Eeg Mean Body weight pounds 


days per ine Two T hve Fou" 
lays doren month months months menth 


“ Leghe ‘ ‘ 1 231 
Na 45 1 i) 1 2 16 


¥ 
2 
p odue Aye eee 
ther at weight 
N Meas fi st 
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TABLE No. 15 
CHICK AND LAYING FLOCK MORTALITY OF WHITE LEGHORNS, NEW 
HAMPSHIRES, NATIVES AND CROSSES BETWEEN THEM 
Chick Mortality Laying Flock Mortality 
Number Per Cent i 
Breed Number alive at alive at With 
hatched one one N  Survivals pullorum) Dead 
mouth 
| Percent | Per cent Per cent 
White Leghorns 20 90. 00 60. 460 | 34,37 
White Leghorns 1 Natives 05. 67 40 23 
Natives 10 6227 | 6 82 141 


New Hartipshires x Natives 665 3. 70. 27 180 27. 93 
New Hampshires 616 2. 78. 08 0.91 21.01 


The Leghorns laid heavier eggs than the White Leghorn x 
Natives, with an average of 1 oz. per dozen eggs more (Table 
14). At value of 5.25 was obtained with 135 degrees of free- 
dom, corresponding to a probability of less than .01 that this 
is a chance difference. The crossbreds laid an average of 1.4 oz. 
per dozen heavier eggs than the Natives. With a t of 5.16 and 
100 degrees of freedom the probability was less than .01. The 
Natives laid eggs which varied more in size than those laid by 
the Leghorns and the crossbreds. The standard deviation in 
egg weight was 1.23, 1.16, and 1.48 oz. per dozen eggs for the 
Leghorns, White Leghorns x Natives and Natives, respectively. 

The weight of the White Leghorn birds were 0.08, 0.20, 0.33, 
and 0.58 pounds more than that of the crossbreds at the end 
of the first, second, third, and fourth month of age, respectively 
(Table 14). For 135 degrees of freedom the probability was 
less than .01 in all cases that these are chance differences. The 
t values obtained were 5.79, 6.67, 6.56, and 11.12, respectively, 
for each of the four months. The weights of the crossbreds 
were similar to the Natives for the first month of age but they 
were .09, .34, and .28 pounds heavier at the second, third, and 
fourth months, respectively. For 100 degrees of freedom the 
probability was less than .01. The t values for testing signifi- 
cance were 2.72, 5.38, and 4.93 for the second, third, and fourth 
months, respectively. The variation in weight within the cross- 
breds was more or less intermediate between that found in the 
Leghorns and the Natives in all months except the third. The 
standard deviations of their weights during each of the four 
months were .08, .16, .31, and .27 pounds as compared with .09, 
.19, .28, and .33 pounds for the Leghorns and .07, .15, .26, and 
.27 pounds for the Natives. 
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The White Leghorns x Natives had 5.54 per cent better chick 
viability than the White Leghorns (Table 15). A chi-square 
of 8.27 was obtained, which has a probability of less than .01 
for one degree of freedom. There were no significant differ- 
ences between the crossbreds and the Natives in chick mortality. 

The White Leghorn x Native laying hens had 17.40 per cent 
better viability than the Natives (Table 15). With one degree 
of freedom, a chi-square of 4.49 was significant for a probabil- 
ity less than .05. There were no significant differences between 
the crossbreds and the Leghorns in layin» flock mortality. 


New Hampshire x Native vs. New Hampshire and Native 

The New Hampshires laid an average of 7.9 eggs more than 
the New Hampshire x Natives during the period studied (Table 
14). At value of 2.66 was obtained which was highly signifi- 
cant (P ~ OL) for 218 degrees of freedom. The crossbreds 
laid an average of 18.7 eggs more than the Natives. <A t value 
of 5.45 obtained with 86 degrees of freedom had a probability 
of less than .01. The variation within the crossbreds and the 
Natives was less than that found in the New Hampshires. The 
standard deviation in production was 19.99, 15.69, and 15.42 
eggs for the New Hampshires, New Hampshires x Natives, and 
Natives, respectively. 

The Natives were 27 days earlier in maturity than the cross- 
breds {Table 14). The t value calculated was 2.43, which for 
86 deyrees of freedom has a probability of less than .05. There 
were no significant differences between the crossbreds and the 
New Hampshires. The Natives and the New Hampshire x Na- 
tives varied more in maturity than the New Hampshires. The 
standard deviation in sexual maturity were 41.32, 49.59, and 
52.07 days for the New Hampshires, crossbreds and Natives, 
respect ively. 

The New Hampshires laid eggs weighing 1.9 oz. per dozen 
more than those laid by the crossbreds (Table 14). A t value 
of 7.29 was obtained, the probability being less than 0.1 for 
218 degrees of freedom. The New Hampshires x Natives laid 
eyys averaging 2.1 oz. per dozen heavier than the Natives. 
With a t value of 6.35 and 86 degrees of freedom the prebability 
was less than .01. The variation in egg weight was more 
marked within the New Hampshires and the crossbreds than 
within the Natives. The standard deviations in egg weight 
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were 1.60, 1.59, and 1.48 oz. per dozen eggs for the New Hamp- 
shires, New Hampshire x Natives and the Natives, respectively. 

The weight of the New Hampshire birds was .08, .20, .36, 
and .57 pounds more than that of the crossbreds at the end 
of the first, second, third and fourth month of age, respectively 
(Table 14). For 218 degrees of freedom the probability was 
less than .01 in atl cases; the t values obtained being 7.41, 
6.34, 6.11, and 8.14 for each of the four months. The cross- 
breds were .04, .14, .49, and .48 pounds heavier than the Na- 
tives at the end of the first, second, third and fourth month of 
age, respectively. For 86 degrees of freedom the probability 
was less than .05 at the first month and less than .01 at the 
second, third and fourth month. The corresponding t values 
were 2.52, 3.56, 7.99, and 5.24 for each month. The standard 
deviations in body weight of the crossbreds during each of the 
four months were .09, .19, .29, and .49 pounds as compared with 
.06, .20, 39, and .43 pounds for the New Hampshires and with 
.O7, .15, .26, and .27 pounds for the Natives. 

There were no significant differences between the breeds in 
chick mortality (Table 15). 


The New Hampshire x Natives had 18 per cent better laying 
flock viability than the Natives (Table 15). <A chi-square of 
4.31 was obtained, which was significant at the .05 level of prob- 
ability. There were no significant differences between the cross- 
breds and the New Hampshires in laying flock mortality. 


New Hampshire « Native vs. White Leghorn x Native 

There were no significant differences in egg production be- 
tween the crossbreds although the New Hampshires x Natives 
had a tendency to lay better (Table 14). 

The White Leghorn x Natives were 20 days earlier in ma- 
turity than the New Hampshires x Natives (Table 14). The t 
value obtained was 2.31 and the probability was less than .05 
for 122 degrees of freedom. 

The New Hampshires x Natives laid eggs weighing 0.7 oz. 
per dozen more than those laid by the White Leghorn x Na- 
tives (Table 14). With a t value of 3.15 the probability was 
less than .01 for 122 degrees of freedom. 

The weight of the New Hampshire x Native birds was .01, 
.05, .15, and .20 pounds more than that of the White Leghorn 
x Natives (Table 14). The differences were not significant dur- 
ing the first two months. At the third and fourth months of 
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age the New Hampshire x Natives were significantly heavier 
than the White Leghorns x Natives. A t value of 2.86 for the 
third month and of 2.92 for the fourth month was obtained; the 
probability was less than .01 for 122 degrees of freedom. 

The growth curves of the crossbreds and purebreds are pres- 
ented in Figure 1. 

The crossbreds were more or less alike in chick mortality 
and laying flock mortality. However, both crossbreds, with a 
percentage chick viability of 94.65, were significantly superior 
to the purebreds (White Leghorn, New Hampshire, Native) 
with a percentage chick viability of 92.17. A chi-square of 5.69 
was obtained with a probability of less than .02 for one degree 
of freedom. 
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New Hampshire 
White Leghorn 
New Hamp.xNat. 
“nite LegxNat. 


FIG. 1.—Comparative growth to four months of purebred and crossbred chickens. 
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DISCUSSION 


Practical and important differences were found between the 
Native Puerto Rican fowl and the standard breeds in respect 
to their productive capacity. As regards egg production, egg 
weight, and body weight the native fowl] would appear to con- 
tribute very little, if anything, to the attainment of a more pro- 
ductive breed for Puerto Rico. The differences between the 
Native and the standard breeds in those characters, viz. 21.2 
eggs in production during the first 120 days of laying, 3.5 oz. 
per dozen in egg weight, and 1.05 lbs. in body weight at the 
end of the fourth month of age, are quite conclusive and in- 
dicative of the advisability of substituting for the Native breed 
a more productive breed as a first step for increasing poultry 
production in the Island. 

The superiority of the standard breeds in respect to sexual 
maturity was not so evident but the study of this character is 
only useful as a help in evaluating egg production. Laying 
flock mortality was heavy for all the breeds but the New Hamp- 
shires fared better than the Natives. However, the conditions 
of this experiment were such as to enable the native fowls to 
fully express their potentiality in respect to body weight, egg 
production and egg weight but it is questionable if they were 
adequate to enable them to fully express their potentiality in the 
qualities of viability and resistance to disease. The natural 
habitat of the native fowl in the Island is very different from 
that used in this experiment where, although S. pullorum was 
present in the flock, the birds were protected as far as possible 
against adverse conditions and against disease and parasites. 

Some improvement through adequate selection within the 
Native breed is considered possible, but on the basis of the re- 
sults shown the use of other possibilities available for the de- 
velopment of a better breed for Puerto Rico seems more prac- 
tical and economical. 

Assuming that selection would be exclusively for egg pro- 
duction and that the effectiveness of the selection practiced were 
100 per cent; that the females and males kept for replacement 
purposes were 20 and 2 per cent, respectively, of the popula- 
tion available; that the standard deviation in production would 
remain more or less constant around 15 eggs, which was the 
figure obtained in 1947; and that the heritability of egg pro- 
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duction is of the order of 10 per cent; the time required to 
raise the egg production of the Natives from an average of 
21.2 eggs during the first 120 days of laying to the average of 
the New Hampshire, 47.8 eggs would be around 9 generations 
or approximately 14 years (Lush, 1945). Actually, much more 
than 14 years would be necessary to raise the egg production 
of the Natives to a level comparable with that of the New 
Hampshires because the selection could not be done for egg pro- 
duction alone and its effectiveness would be much less than 100 
per cent. Also the replacement percentage probably would be 
higher due to the high mortality rates in the flocks of the Is- 
land. 1 

The crosses represent a distinct improvement over the Na- 
tives in respect to the productive characters but they are in- 
ferior to the standard breeds in egg production, egg weight, and 
bedy weight. Their production and egg weight was interme- 
diate between that of the Natives and the standard breeds. 
Body weight was slightly nearer the smaller sized breed. Si- 
milar results were obtained with other breeds by Jull and Quinn 
and by Maw, cited by Jull (1946). In respect to sexual ma- 
turity, the White Leghorn cross was similar to the White Leg- 
horn while the New Hampshire cross was similar to the New 
Hampshire. 

There is some indication in the data that the crosses 
may perform better than the standard breeds in respect to re- 
sistance and viability although that is not so apparent when 
comparing them with the New Hampshire. The ultimate value 
of the crosses as a possibility for developing a better breed for 
Puerto Rico will depend upon the existence of actual resistance 
or adaptability in the Native stock, that is, in the contribution, 
if any, that the Native can give to a new breed.’ 

The possibility of developing some strain from one of the 
standard breeds which will make it more desirable than the 
Native for Puerto Rican conditions is apparent from this study. 
The New Hampshire breed was superior to the White Leghorn 
in egg weight, body weight, and mortality. They were similar 
in egg production and the New Hampshire was inferior only 
in sexual maturity. Except in chick mortality and sexual ma- 
turity the New Hampshire stock surpassed the Native breed in 
all characters. So far as the characters studied are concerned 


“Ng The breeding work is being continued at the Station with several backcross lines. 
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the New Hampshire seems to offer a distinct possibility for de- 
veloping a strain which would be more desirable than the Na- 
tive for Puerto Rico. 

However, in some of the characters, especially in egg pro- 
duction and egg weight, the standard breeds in this study were 
inferior to selected flocks in the United States. This lower pro- 
duction and smaller egg size may have been due to a physiol- 
ogical response of the birds in their adaptation to a tropical en- 
vironment. Results obtained by Warren (1933, 1939) tend to 
indicate that the smaller egg size could be due to environmental] 
effects. This possibility, however, should be further investi- 
gated. 

Seasonal effects were found to be important in this study in 
respect to egg production, sexual maturity, egg weight, and body 
weight at the end of the first month of age. Differential res- 
ponses of the birds of the different breeds to these seasonal ef- 
fects were apparent in respect to sexual maturity and body 
weight at the end of the first month of age. This environmental 
influence was more evident from February to June than from 
February to March. 


CONCLUSIONS 


Much more information would be necessary before a definite 
conclusion on the main objectives of this study could be ad- 
vanced. However, it is considered that sufficient evidence has 
been collected to justify drawing the following conclusions: 


1. The productive capacity of the Native fowl, as judged by 
eyg production, egg weight, and body weight, is inferior to that 
of the standard breeds studied. 

2. Selection within the Native would be a long and non- 
economical proposition as a means of getting a better breed of 
poultry for the Island. 

3. Crosses between the Native and the standard breeds will 
show some improvement over the pure Natives but will be in- 
ferior to the standard breeds in their productive capacity. 

4. There is no definite or immediately apparent superiority 
of the Natives in respect to viability and resistance over the 
imported breeds under the conditions in which this experiment 
was made. 

Due to the peculiarities of the poultry management and care 
in the small farms of the Island it would be desirable to study 
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the same characters considered here under those conditions. 
The study should be extended to include fertility, hatchability, 
mortality during the growing period, efficiency of food utiliza- 
tion, resistance to parasites (which constitutes an important 
problem in the Island), and physiological responses of the dif- 
ferent breeds to the environment. Studies of this nature should 
be undertaken under experimental and farm conditions. 

Allowance for the date of hatching, as a factor influencing 
some of the characteristics studied here, should be made when 
planning further comparisons between breeds. The advisabil- 
ity of including other strains of White Leghorns and New Hamp- 
shires for comparison and crossing purposes should also be con- 
sidered in future plans. 

It is felt that the ideal fowl] for Puerto Rico would possibly 
be a medium size bird, with high efficiency of food utilization, 
laying relatively well, with some broodiness and good adaptabil- 
ity to the environment. Such a bird, replacing the Native stock, 
wouid increase poultry meat and egg production in the Island 
with minimum expense on the part of the farmer. 


SUMMARY 


The productive capacity of the Native Puerto Rican fowl 
was compared with White Leghorns and New Hampshires 
reared under similar conditions. Data were recorded on egg 
production, sexual maturity, egg weight, body weight to four 
months of age, and mortality. Studies of an exploratory na- 
ture were made of the possibilities of crosses between the Na- 
tive and the standard breeds. 

It was found that the productive capacity of the Native fowl, 
as judged by egg production, egg weight and body weight, was 
inferior to that of the White Leghorn and New Hampshire. 
The Native crosses showed improvement over the pure Natives, 
but were inferior to the standard breeds although there was 
some indication that they may possess a greater amount of di- 
sease resistance. 

Under the conditions of the experiment there was no appar- 
ent superiority of the pure Natives over the imported breeds in 
respect to viability and resistance. 

Extension of the study to cover the physiological responses 
of the different breeds to the environment under experimental 
and farm conditions is recommended. 
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ZFFECT OF LIME-PHOSPHORUS AND GREEN MANURE ON 
SWEET POTATOES AND CORN GROWN IN ACID SOILS 


By J. A. BONNET, P. TIRADO SULSONA and F. ABRUNA ' 


INTRODUCTION 


In general, the yields of food crops that grow in the acid 
soils of the humid area of Puerto Rico, have been low because 
no attention has been given to the correction of soil deficiencies. 
It was of importance, therefore, to obtain data of their yields 
when lime, phosphorus and green manure were added to these 
acid soils. 

The effect of lime and phosphorus added to two acid soils 
in Puerto Rico was studied on the yields of seven crops in a 
rotation sequence of green manure, green manure, sweet pota- 
toes, green manure, green manure, corn and corn, in a three-year 
period from May 1944 to August 1947 at two locations, Rio Pie- 
dras and Mayagiiez. 

Each crop of green manure included four leguminosae; velvet 
beans Stizolobium deeringianum, crotalaria Crotalaria striata, 
cowpeas Vigna sinensis, and soybeans Soja max, Otootan variety. 
Data for the first two crops of the four leguminosae have been 
reported by Bonnet et al. (1). The combined experiments at 
Rio Piedras and Mayagiiez, excluding the crotalaria because of 
its poor growth in Mayagiiez, had indicated that: 


“1. The mean dry-matter vield of velvet beans in the pres- 
ence or absence of the lime and phosphorus applica- 
tion or as a whole, was significantly higher at the 1 
per cent point, than that of cowpeas and soybeans; 
whereas that of cowpeas was higher than that of 
soybeans. 

“2. The mean dry-matter yield of velvet beans with lime 
and phosphorus, was significantly higher at the 1 per 
cent point, than that of velvet beans without lime 
and phosphorus. The same applies to soybeans, and 


” 
cowpeas. 

' Respectively, Head Dept. of Soils and two Jr, Soil Conservationists. This work 
was undertaken in cooperation with the Soil Conservation Service of Puerto Rico, of which 
Mr. E. A. Telford. Assoc Soil Conservationist was in charge of the fleld experiments at 
Mavagiiez, and with the Federal Experiment Station that provided land and office space 


at Mavagiez 
203 


| 

q 

> 

| 

| 


304 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


The combined experiments at Rio Piedras, including the 
crotalaria had indicated that: 


“1. The mean dry-matter yield of velvet beans in the pres- 
ence or absence of lime and phosphorus applications 
or as a whole, was significantly higher at the 1 per 
cent point, than that of cowpeas, soybeans and cro- 
talaria; whereas that of cowpeas was higher than 
that of soybeans, and crotalaria. The soybeans yield 
was significantly higher at the 5 per cent point, than 
that of the crotalaria, in the absence of lime and 
phosphorus, and significantly lower in their presence ; 
but as a whole there was no significant mean dif- 
ference between them. 

“2. The velvet beans, soybeans and crotalaria, responded 
significantly at the 1 per cent point, to the applica- 
tion of lime and phosphorus. The cowpeas showed 
no response to the fertilizer. 

“3. Velvet beans, the highest yielder, gave for both loca- 
tions, in the absence or presence of lime and phos- 
phorus, mean green matter of 83.5 and 110.0 hun- 
dredweights per acre, respectively. This is equiva- 
lent to mean dry-matter of 17.4 and 22.6 hundred- 
weights per acre.” 


Results obtained with the other five crops in the rotation, 
sweet potatoes, green manure, green manure, corn and corn are 
reported in this paper. 


Procedure 


Location.—The two locations where the experimental fields 
were established are within the humid section; Rio Piedras at 
the North of Puerto Rico on 18 -24'N. latitude and 63°-03’W. 
; longitude and Mayagtiez at the West on 18°-12'N. latitude and 
67° -09’W. longitude. The linear distance between both loca- 
tions is 120 kilometers or 74.5 miles. 

Soils.—Two one-acre fields of the soil type Fajardo clay, at 
the Experiment Station farm in Rio Piedras, and two of Cata- 
lina clay level phase, at Las Ochenta farm in Mayagiiez, were 
chosen for the sites of the experiment. Two fields were chosen 
at each place to study also the effect of two methods of in- 
corporating green manure on the crop yield of sweet potatoes 
and corn. In field “A” the green manure was turned-under with 
a hoe, as done by small farmers and in field “B” it was plowed 
under with a tractor-driven plow, as done by the large land- 
owners. Fajardo clay is a red soil derived from ashy shales. 
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Catalina clay level phase is a lateritic soil derived from an- 
desitic tuff and tuffaceous shale. The total base exchange ca- 
pacity of Fajardo clay is between 14 and 22 mili-equivalents 
per 100 grams of soil and that of Catalina clay between 8 and 14. 


Crop Rotation and Treatment.—The crop rotation sequence, 
the dates of planting, and the mean age at harvest, for each 
crop, are reported in table 1. 

Taste No. I 


ROTATION SEQUENCE, PLANTING DATES AND AGE OF CROPS 
AT RIO PIEDRAS AND MAYAGUEZ 


| Location | Date of Planting 


1945 


Rotation Sequence | Crop 


; 
Sweet potatoes | Rio Piedras | Feb. 1-5 .. 
Mayagvez | April 1-7 


| Velvet beans 

Crotalaria 
Cow peas 

| Soybeans 


| Velvet Beans 
Crotalaria 
| Cowpeas 

Soy beans 


“ese ee 


Velvet beans 
Crotala ia 
Cow peas 
Soybeans 


Velvet beans } Feb. 24—March 5 
Crotalaria | Feb. 24--Mareh 
| Cowpeas | Feb, 244—March 5........ 
| Soybeans | Feb. 24—-Mareh 5........ 


2228 


Corn | Sept. 5-8 


| August 8-10 . 


in 


SEVENTH 


Sweet potato (Jpomea Batatas Don Juan variety) cuttings, 
about 12 to 14 inches long, were planted at the rate of two per 
hole, with an 18-inch separation between holes and with a three- 
foot distance between rows. The potatoes were dug out and the 
trash was left over each respective plot. 

The leguminosae were planted at a one-foot distance between 
rows. The distance between plants for the velvet beans was six 


at | 
| at Harvest 
| DAYS 
| Rio Piedras | Oct. | 56 3 
| Oct. 57 
4 
Rio Piedras | April 4-2. : 
| | Ap il 24-26... 
Firta | April 24-26.... pe 
la 
| 1047 | 
| Rio Piedras | April 28............ 100 
| | 
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inches and for the cowpeas and soybeans was four inches. The 
crotalaria seeds were planted continuously within the row. 

The corn (Zea Mays Mayorbela variety) was planted at a 
three-foot distance between rows and at eighteen inches between 
plants within the row. Four corn seeds were placed in each 
hole and after germination two plants were left at each hole. 
The crop was sprayed with lead arsenate, at the rate of three- 
pounds per 100 gallons of water, for the control of the leaf 
worm Laphyqma frugiperda. Rats were kept under control 
using a bait of phosphorus paste with corn flour or with pieces 
of ripe bananas. The corn trash was left over each respective 
plot. 

Half of the plots in each field received limestone at the rate 
of four tons per acre and superphosphate at the rate of 100 
pounds P.O, per acre. The limestone was broadcast and the 
phosphorus was applied in the row. For the second corn crop, 
(the seventh crop) half of the plots in each field received a 
second application of superphosphate at the rate of 100 pounds 
P.O, per acre as well as muriate of potash at the rate of 240 
pounds K,O per acre. Half of the checks of this corn crop re- 
ceived ammonium sulphate at the rate of 250 pounds NH, per 
acre, 

After the first corn crop (the sixth in the rotation) was 
harvested, soil samples were taken at a depth of four inches 
from each plot in each of the two fields at both locations and 
were analyzed for pH, organic matter, nitrates and available 
phosphorus. Total nitrogen was determined in the composite 
samples for each treatment at each field in both locations. The 
jJata are reported in table 8. 

The organic matter was determined by the rapid colorimetric 
method using the Cenco Wilde organic matter color scale No. 
28303, sold and explained by Central Scientific Co., Chicago. 
The nitrates and available phosphorus were determined, as per 
Wolfe's (2), extracting with Morgan's solution of normal so- 
dium acetate, buffered at pH 4.8, with acetic acid. 


Experimental Data 


The yields at Rio Piedras and Mayagiiez, for the crop se- 
quence sweet potatoes, green manure, green manure, corn and 
corn, are reported in tables 2, 4 and 5, respectively. The col- 
umns “mulched and hoed” correspond to fields “A” and those 
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for “turned under” correspond to fields “B”. The symbols Ca, 
P, N and K refer to calcium, phosphorus, nitrogen and potas- 
sium, respectively. 


Statistical Interpretation 


The Sweet Potato Crop.—The acre yields in hundredweights 
of sweet potatoes with the different green manure and fertilizer 
treatments, are given in table 2. Data are reported separately 
for the crops grown at Rio Piedras and Mayagiiez and for each 
field where the green manure was either mulched and hoed or 
plowed under the soil. 

The analysis of the total sum of squared deviations for the 
combined crops of sweet potatoes harvested at Rio Piedras and 
Mayagiiez is given in table 3. 

There is a highly significant difference in the mean yields of 
sweet potatoes between locations. The acre mean yield of sweet 
potatoes in the untreated plots at Rio!Piedras was 98.4 hun- 
dredweights and in Mayagiiez was 40.8. The mean acre yield 
of sweet potatoes in the plots that received lime and phosphorus 
at Rio Piedras was 122.8 hundredweights and in Mayagiiez was 
63.2. In both locations, the increases in yields of sweet pota- 
toes, due to lime and phosphorus, were highly significant (tables 
2, 3). 

TasLe No, 
YIELDS IN HUNDREDWEIGHTS OF SWEET POTATOES TO THE ACRE, WITH 
THE DIFFERENT GREEN MANURE AND FERTILIZER TREATMENTS 
| | 


* Rio Piedras 
Treatments eA | 2 pee 4 Treat- | General 
| Mulched | Plowed | Mulehed | ments | 
and Hoed| Under | and Hoed } Under 


C heck 

Check with CaP. 
Velvet beans 

Velvet with CaP 
Crotalaria 

Crotalaria with 
Cow peas 

Cowpeas with 
Soybeans 

Soybeans with 


Oe 


Values to be exceeded for significance by difference between 


At 5% point 
At point 


The vields of sweet potatoes planted in the velvet beans plots 
were significantly higher than in the cowpeas, soybeans and 


} 
| 
4 
| fad 
| 4 
1036} 1097 7 74.6 | 4 
116.8 “4 85.1 | 
136. 0 146.6 | 71 110.3 97.7 
126.7 | 110.2 | | 
120.7 | 128.0 55 8.4 | 
74.3 55. 6 37 | 49.1 | 
101.0 | 73.8 | 64.0 
89.2 | 7a.3 | 25 $8.2 | 
120.2 121.2 57 04 73.8 
means of 
126 | 
164 | 
; 
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check plots. The cowpeas showed a highly significant detri- 
mental effect in the yield of sweet potatoes; the cowpeas plots 
gave 64.0 hundredweights to the acre while the checks gave 83.9 
(table 2). 

There was no significant difference in the yields of sweet 
potatoes between the fields (table 3) at both locations when the 
green manure was either mulched and hoed or plowed under the 
soil. However, there was a highly significant difference be- 
tween location, species, and lime-phosphorus treatment. There 
was also a highly significant interaction of species x lime-phos- 
phorus, of species x location, of species x fields and of lime-phos- 
phorus x fields. 


Taste No. 


ANALYSES OF THE TOTAL 8UM OF BQUARED DEVIATIONS FOR THE CROPS 
OF SWEET POTATOES AT RIO PIEDRAS AND MAYAGUEZ 


Deg ees 
Source of Sum of | Variance F Values 
Freedom Squares | 


537. 


Location 1 
Fields 1 
Location Fields Errot (s) 
Species ‘4 45. 9°° 
Lime Phosphorus 
Species Phosphorus ‘4 
Species x Location ‘4 
Lime -Phespho' us 1 Location 
Species 1 Lime Phosphorus 1 Location ‘4 
Species Fielkis 4 
Lime Phosphorus « Fiekis 
Species Lime--Phosphorus Fields 4 
Species « Location 1 Fiekis ‘ 
Lime Phosphorus 1 Location Fields 
Species Lime—-lhosphorus 1 Location 

1 Fields 

Error (b 

Hiocks 
Treatments Hicks Error 


Error (b)~For conclusions applicable to varying soil and climatic conditions in Puerto Rico 
Error: (¢) comparisons with a location. Used in last F—Column 


The Legume Crops.—The green manure and the dry yields 
of the fourth and fifth crops including velvet beans, crotalaria, 
cowpeas and soybeans, with or without lime and phosphorus at 
Rio Piedras and Mayagiiez, are reported in table 4. 

The four leguminosae responded in a highly significant way 
to the application of lime and phosphorus. Among them, velvet 
beans gave the highest yield. Similar results were obtained 
previously by Bonnet et al (1). The mean green weight for 
the two crops of velvet beans, at both fields in Rio Piedras and 
Mayagtiez, was 74.7 hundredweights to the acre for the un- 


67. 
17 
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treated plots and 100.5 for the plots that received lime and 
phosphorus. On the basis of dry weight the respective values 
were 17.7 and 24.4 hundredweights. 


Taste No. IV 


ACRE YIELDS IN HUNDREDWEIGHTS OF THE FOURTH AND FIFTH CROPS, 
THE TWO CONSECUTIVE LEGUMINOSAE CROPS WITH THE DIFFERENT 
FERTILIZER TREATMENTS 


Rio Pirpras Mayaatez 


Mulehed Mulehed 
TREATMENTS | and Hoed = Plowed Under | and Hoed | Plowed Under 


Fourth | Fifth Fourth | Fifth 
Cop Crop Crop Crop 


| Fourth; Fifth Fourth! Fifth 
| Crop | Cop Crop | Cop 


Green Wetaut Green Weicur 


43 
= 
2 
= 
~ 


| 


Velvet beans 

Velvet beans with Ca P 
Crotalaria 

Crotalatia with Ca P 
Cowpeas 

Cowpeas with Ca P 
Soybeans 

Soybeans with Ca P. 


| 


| 
| 


Prepras Mayaotez 


Mulched | Mulehed 
TREATMENTS and Hoed Plowed Under — and Hoed Plowed Under 


‘Fourth Fifth | Fourth! Fifth Fouth | Fifth Fourth | Fifth 
| Crop | Crop | Crop | Crop | Crop | Crop Crop | Crop 


Day Weiourt Day Weiour 


ewt, | 


° 
° 
= 


| ewt, | ewt, | ewt. 
Velvet beans 
Velvet beans with Ca P } 
Crotalaria | 
Crotalaria with Ca P i 
Cowpeas 
Cowpeas with Ca P 
Soybeans. 
Soybeans with Ca P. 


we 


ks 


we 


The Corn Crops.—The shelled corn yields in hundredweights 
to the acre, of the sixth crop in the rotation with the different 
green manure and fertilizer treatments at both fields, in Rio 
Piedras and Mayagiiez are given in table 5. The data were 
analyzed for each field and for both fields at each location. 

There was a highly significant response of corn yields to 
the applications of lime and phosphorus (table 5, photos 1, 2, 
5). The yields at Rio Piedras were higher. At both locations 
the green manure from velvet beans that received lime and phos- 


i 
| — | 
336 | 
j 42.2) - 3 
170) 
19.2) 336 
2.0, 108 
21.6} 123 
2.6 4 
22.0 | 3.2 
4 
| 
| | 
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phorus gave the highest significant increases in corn yields over 
those of the corresponding checks (photos 2, 3, 4, 5). In gen-. 
eral, the corn yields obtained in the velvet beans plots were the 
highest. The mean acre yield of shelled corn for the velvet 
beans treatment in both fields at Rio Piedras were 24.6 and 
17.1 hundredweights, with and without lime and phosphorus, 
respectively. These yields correspond to 41 and 28.5 bushels 


Taste No. Vv 


ACRE YIELDS OF SHELLED CORN IN HUNDREDWEIGHTS FOR THE SIXTI' CROP 
WITH THE DIFFERENT GREEN MANURE AND FERTILIZER TREATMENTS 


Rfo Pimpras Mayactez 


TREATMENTS 
Mulehed Plowed Muileched Plowed 


and Hoed Under and Hoed Under 


Check 

Check with Ca P 
Velvet beans 

Velvet beans with Ca I’ 
Crotala a 

Crotalatia with Ca P 
Soy beans 

Roybeans with Ca F 
(ow peas 

Cowpeas with Ca P 


re 


> 


-< 


Values to be exceeded for significance by difference 
hetween tieatments 
At 5) point 
At poiml 


‘a 


4 
of corn, respectively. At Mayagiiez, the green manure from 
velvet beans that received lime and phosphorus gave the highest 
significant increases in corn yields over those of the other three 
sources, but at Rio Piedras, there was no significant difference 
between them. 

The acre yields of shelled corn, in hundredweights, for the 
seventh and last crop in the rotation, with the different green 
manure and fertilizer treatments at both fields in Rio Piedras 
and Mayagiiez, are reported in table 6. The analysis for the 
total sum of squared deviations for this crop at both locations 
is reported in table 7. 


1 
7 
2 
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Tasie No. VI 
ACRE YIELDS OF SHELLED CORN IN HUNDREDWEIGHTS FOR THE SEVENTH 
CROP WITH THE DIFFERENT GREEN MANURE &€ FERTILIZER TREATMENTS 


Rio Prepras 


Mavactrr 


Treatments Treatments Gene's 
Mulched Plowed Mulched Plowed 


and Hoed Under and Hoed Under 


Nitrogen 

Nitrogen with K 
Nitrogen with CaP 
Nitrogen with CaPK 
Velvet beans 

Velvet beans with K 
Velvet beans with CaP 
Velvet beans with CaPkK 
Crotalaria 

Crotalaria with K 
Crotalaria with CaP 
Crotalaria with CaPK 
Cowpeas 

Cowpeas with K 
Cowpeas with CaP 
Cowpess with CaPK 
Soy beans 

Soybeans with K 
Soybeans with CaP 
Soybeans with CaPk 


>. 


wen 


4.6 10) 


= 


12.6 (10) 
(8) 
7.0 (10) 
12.8 (8) 
14.3 (10) 
5.6 (8) 
4.8 (10) 
13.3 (8) 
15.1 (10) 


Bm 


ous 


Is 


8 


Values to be exceeded for significance by difference between means of: 
At 5% point 4.32 (16) | 1. 00(72) 
4.08 (18) 
3.87 (20) 
At point 5.70 (16) 2. 69(72) 
5. 38 (18) 
5.10 (20) 


© Number of replicates. 


Tasie No. VII 


ANALYSES OF THE TOTAL SUM OF SQUARE DEVIATIONS FOR THE LAST CORN 
CROPS AT RIO PIEDRAS AND MAYAGUEZ 


Degrees Sum of 
of Va"iance 


Source 
Freejom Squares 


22, 552 


Fields 

Laxation 

Fields x Location 

eatments 

Species 

Line -Vhospho us 

otassium 

Lime -ihospho us--Potassium 

Species 1 hosphorus 

Species x Potassium 

Species 1 Lime--Phospho us 1 
Potassium 

Treatments x Fields 

Trestments 1 Locations 

Treatments x Locations x Fields 
Erro: (b).. 
Error 


¥- 
S SSe 


Error (b)-—For copelusions applicable to varying soil and climatic con fitions in Puerto Rico 
Error comparisons within location. Used in last F 


: 
6.2 
& CTO) 
13.5 (8) 
22.3 (10) 127 
7.9 (8) 
4&4 (10) 
124 (8) | 
7.5 (8) 
49 (10) 
| 14.3 (8) 
99 
97 
? 
| 
Toran 
1,333 | 1, 333 1.6 
421 $21 5 a 
‘ly (9, lau) 2.0 79. 6°° 
7, 076 7, 076 | 
| iM .6 | 
257 257 42. 6°° 
2 
646 161 7 26. 
167 42 6.9°° 
iy l 
4,090 216 
4,687 
j 1,601 6 
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There was again a highly significant difference in corn 
yields for the lime-phosphorus treatment (table 7) as found 
before for sweet potatoes (table 3). The difference between 
fields again was not significant indicating once more that there 
was no significant difference in corn yields when the green ma- 
nure was either mulched or plowed under. This time there was 
no signicant difference in the crop yield due to species when 
applied to general conditions in Puerto Rico, but this difference 
was highly significant for comparisons within a location (ta- 
ble 7). For general conditions in Puerto Rico there was no sig- 
nificant difference in corn yields due to the addition of potassium 
or to the interactions of lime-phosphorus x potassium and of 
species x potassium but the difference was highly significant for 
comparisons within a location. For example, the addition of 
potassium alone to the mulched and hoed field at Mayagiiez 
when inorganic nitrogen was added, at the rate of 250 pounds 
NH, to the acre, raised the acre yield of shelled corn from 6.0 
to 21 hundredweights and to 35.6 when lime-phosphorus was 
added. In the field at Mayagiiez, where the corresponding 
green manures were plowed under, there was a significant in- 
crease in yield of 25.1 hundredweights of shelled corn, to the 
acre, only, when the potassium was added with lime and phos- 
phorus. The yield responses indicate that the fields of Cata- 
lina clay at Mayagiiez were deficient in potash, while those at 
Rio Piedras, of Fajardo clay, had sufficient of this element. 

Twenty seven months after the lime and phosphorus were 
applied (table 8), the mean pH of the soil for the five treat- 
ments including the check, at both fields in Mayagitiez was 5.5, 
while that in Rio Piedras was 5.0. The mean pH for the acid 
plots was 4.7 at Mayagiiez and 4.8 at Rio Piedras. The mean 
organic matter content for all treatments in both fields at Ma- 
yagilez was 2.2 per cent and at Rio Piedras was 1.6. The mean 
nitrogen content at Mayagiiez was .19 per cent and at Rio Pie- 
dras was .16. The mean carbon-nitrogen ratios were 6.8 and 
5.8, respectively. In the lime-phosphorus plots the mean avail- 
able phosphorus for the five treatments including the check, at 
Mayagiiez, was 13 parts per million of phosphorus (P), and at 
Rio Piedras was 10. For the acid plots the values were 8 and 
9, respectively. The mean values for nitrates in the lime-phos- 
phorus plots at Mayagiiez was 9 parts per million and at Rio 
Piedras was 14 while for the acid plots were 14 and 10, res- 
pectively. 
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There was no significant difference found between the or- 
ganic matter contents of the fields at Mayagiiez and Rio Pie- 
dras due to treatments. This indicates that the incorporation 
of green manure from velvet beans, crotalaria, cowpeas, and 
soybeans, respectively, plus the trash from one sweet potato 
and one corn crop, had no effect upon increasing the organic 
matter content of the soil, in the presence or absence of lime 
and phosphorus, after a period of twenty seven months. 


SUMMARY 


Data are presented here on the efflect that four types of 
green manure had, on the yields of one sweet potatoes and two 
corn crops planted in two acid soils of Puerto Rico, in the ab- 
sence or presence of lime and phosphorus. Comparison is also 
made as to what effect the green manure had on the crop yields 
when it was applied as a mulch or when it was plowed under 
the soil. In the last corn crop, the effect of fertilizing with 
potash was also studied as well as the effect of adding inorganic 
nitrogen and potash to the check plots, in the absence or pres- 
ence of lime and phosphorus. The field experiments were es- 
tablished in Fajardo clay at Rio Piedras and in Catalina clay 
level phase at Mayagiiez, located about 75 miles apart. 

The green manure sources were from four leguminosae: 
velvet beans Stizolobium deeringianum; crotalaria Crotalaria 
striata; cowpeas Vigna sinensis; and soybeans Soja max Otoo- 
tan variety. The sweet potato used was the Don Juan variety 
and the corn was the Mayorbela variety, a flinty type. 

In general, the leguminosae and the crops responded signifi- 
cantly to lime and phosphorus. Velvet beans gave the highest 
significant vields of green manure. In general, the velvet beans 
with lime and phosphorus gave the highest significant yields of 
sweet potatoes and corn. Cowpeas showed a highly significant 
detrimental effect in the yield of sweet potatoes. Whén the 
green manure was either mulched or plowed under the soil there 
was no significant difference between the yields of sweet po- 
tatoes and corn. 

The last corn crop at Mayagiiez responded significantly to 
the application of potash and to the application of potash and 
inorganic nitrogen specially when lime and phosphorus were 
added to the checks, but no response was obtained with the 
green manures. No response to potash in the check and green 
manure plots were obtained at Rio Piedras. 
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RESUMEN 


Se estudidé el efecto de cuatro tipos de abono verde sobre los 
rendimientos de una cosecha de batatas y dos de maiz sembra- 
das en dos suelos acidos de Puerto Rico. También se estudidé 
dicho efecto cuando se encalé el suelo y se le aplicé fésforo asi 
como cuando se dejé el abono verde sobre el terreno o se in- 
corporo al suelo con arado. En la ultima cosecha de maiz tam- 
bién se estudié el efecto de abonar con potasa todos los trata- 
mientos y de abonar con nitrégeno inorganico y potasa las par- 
celas testigos, con o sin cal y fésforo. Los experimentos de 
campo se llevaron a cabo en un suelo Fajardo arcilloso en Rio 
Piedras y en un Catalina arcilloso, fase plana, en Mayagiiez, 
a distancias de 75 millas entre ambas localidades. 

Los abonos verdes usados fueron de cuatro leguminosas: 
habas terciopelo, Stizolobium deeringianum; crotalaria Crotala- 
ria striata; fréjoles Vigna sinensis y habas sojas Soja max. 

Las leguminosas y las cosechas respondieron significativa- 
mente a la cal y el fésforo. Las habas terciopelo dieron el ren- 
dimiento mas alto de abono verde y cuando se us6 cal y fésforo 
dieron los mejores rendimientos de batatas y maiz. El abono 
verde de los fréjoles fué detrimental a las batatas. 

No hubo diferencia significativa entre los rendimientos de 
batatas y maiz cuando el abono verde se dejé sobre el suelo o 
se incorporé con arado. 

La uitima cosecha de maiz en Mayagiiez, respondié signifi- 
cativamente a ja aplicacién de potasa y de nitrégeno inorganico 
especiaimente cuando se afiadié cal y fésforo. No hubo efecto 
favorable cuando se afadié potasa a los tratamientos de abono 
verde, en ambos sitios. Tampoco hubo efecto favorable en Rio 
Piedras cuando se afadié potasa y nitrogeno inorganico, a las 
parcelas testigos, en la presencia o ausencia de cal y fésforo. 


CONCLUSION 


Better yields of sweet potatoes and corn are obtained in the 
acid soils of Puerto Rico when lime, phosphorus, and velvet 
beans as a green manure source, are added. Soils deficient in 
nitrogen and potash require also additional fertilization with 
nitrogen and potash. 
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CONCLUSION 


Mejores rendimientos de batatas y maiz se obtienen en los 
suelos acidos de Puerto Rico cuando se aplica cal, fésforo y 
abono verde derivado de habas terciopelo. Los suelos que es- 
tan deficientes en nitrogeno y potasio también deben de abo- 


narse con nitrégeno y potasa. 
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PIICTO 5.—Ears of corn harvested at Mayagiiez in the sixth crop of the 
rotation. Counting from right to left: 


Check 3.0 bu. per acre 
Lime—phosphorus 11.5 bu. per acre 
Green manure from velvet beans 10.8 bu. per acre 
Green manure from velvet beans 

with lime and phosphorus 29.3 bu. per acre 
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